Understanding the genetic variability and dispersal capabilities of plant pathogens is important to better predict pathogen spread and virulence, especially under global change conditions. The outcome of host-pathogen interactions directly depends on the dispersal capacity of the pathogens, on environmental conditions, and disease resistance of the host. Here, we analysed the distribution of finely resolved phylogenetic lineages of a poplar-specific fungal pathogen (Sphaerulina populicola) in western North America, across a 3,200 km latitudinal gradient of the host tree's (Populus balsamifera) distribution. We specifically tested whether dispersal limitations or environmental filters limit the spread and establishment of the pathogen into new areas. We assessed the genetic diversity of the pathogen with ITS1 oligotypes, recorded by metabarcoding leaf-associated fungal communities. The distribution of the recorded 16 S. populicola oligotypes showed no geographic patterns, indicating the lack of dispersal limitation of the pathogen throughout the investigated area. Climatic conditions also did not seem to restrict the occurrence and abundance of the pathogen oligotypes. Finally, we found strong variation in oligotype presence within single localities, which may suggest the importance of biotic factors in regulating the infection of this well-dispersing fungal pathogen. Our interpretation implies that the future prevalence of S. populicola-related disease will likely depend on the dynamics of host-pathogen interactions, since the pathogen does not seem dispersallimited at a continental scale.
134 host plant. An earlier study indicated that S. populicola could occur in geographic localities more 135 than 2,000 km apart (Bálint et al., 2015) . 136 
Sampling

137
We sampled trees of balsam poplar at 12 locations along a latitudinal gradient of about 138 3,200 km from Southern Canada to Northern Alaska (see Table S1 in Supporting Information).
139 Three subarctic sampling sites are located in Alaska (see Table S1 in Supporting Information).
140 Trees were haphazardly sampled within an area of about 0.5-2.0 km 2 . At all sampling locations 141 30 trees were sampled except Arctic Village (10 trees) and Portage (25 trees). For each tree, one 142 symptomless leaf was collected and put into a paper envelope in a zip lock bag containing silica 143 gel for drying. From the collected leaves, discs of 8mm in diameter were cut out using a pritchel. The 146 leaf surface was sterilized for 1 min in 4% sodium hydrochloride solution (NaClO) and it was 147 subsequently washed twice for 1min in sterile water containing 0.1% of Tween 20 to break 148 surface tension. Subsequently, the leaf material was dried in the hood for 3 hours. The leaf 149 material was grinded in a TissueLyser (Qiagen, Hilden, Germany). The DNA extraction was 150 performed according to the CTAB method (Cubero, Crespo, Fatehi, & Bridge, 2002). Three 151 technical replicates as well as three biological replicates were ran for two samples. Additionally, 152 23 negative DNA extraction controls were run in parallel.
153
In a first PCR reaction, the Internal Transcribed Spacer (ITS1) marker gene region was 163 and 56°C respectively for 20s, 72°C for 20 s followed by a final elongation of 3min at 72°C. We 164 used two different annealing temperatures in two separate PCR reactions for each sample to 165 capture a higher proportion of the biodiversity (Schmidt et al., 2013) . After this step, the two 166 products were pooled. We performed SPRI-purification of the PCR product with the Agencourt 167 AMPure XP beads (Beckman Coulter GmbH, Krefeld, Germany).
168
In a second PCR, primers containing part of the Illumina sequencing primer, an 8 bp 169 nucleotide index as well as the Illumina plate adapter were amplified to both ends of the 170 amplicons. This was done similarly as described in Bálint et al. (2017) and following the 171 Illumina 16S metabarcoding protocol (Illumina, 2016) . This way the amplicons contain a unique 172 8 bp index on each end, which eliminates index jumping events during the library preparation 173 (Schnell, Bohmann, & Gilbert, 2015) . The 25 µL PCR reactions contained 0.65 U TaKaRa 174 ExTaq polymerase, 2.5 µL buffer (10 x), 9 µL water, 2.0 µL dNTP mixture (2.5 mM each), 8 µL 175 purified amplicon and 0.75 µL of each forward and reverse primer. PCR conditions were as 176 follows: initial denaturation for 4min at 95°C, then 8 cycles with 30s at 95°C, 30s at 55°C, 30s at 177 72°C and a final extension for 3 min at 72°C. The PCR products were purified using SPRI-178 beads. The DNA concentration was measured with the Qubit™ 3.0 Fluorometer (Life 179 Technologies, Germany), then the DNA concentration was normalized, and samples were 226 count of that oligotype (Valentini et al., 2016) . Second, we set all oligotype observations in a 227 sample to zero if they fell below a threshold of 0.05% of the overall highest read count of the 228 dataset (Pansu et al., 2015) . Additionally, we discarded all oligotypes if they occurred in less 229 than five trees. Oligotype observations per tree fit well the expected increase in richness with 230 increasing sequencing depth (Bálint et al. 2016) except for a few outlier samples, which we 231 subsequently removed.
232
Climatic data for the sampling locations was retrieved from the WorldClim database 233 (http://www.worldclim.org/). We used the current climate dataset with monthly means from 234 1950-2000 at 30 arc sec resolution. Extraction of climatic data and formatting was done using the 235 R scripts provided by Kathryn G Turner (https://gist.github.com/kgturner/6643334, 236 https://gist.github.com/kgturner/6644150). We used the mean temperature and precipitation for 237 the months of January and July and calculated the mean annual temperature and precipitation 238 (see Table S1 in Supporting Information). Possible correlations between explanatory variables 239 were checked with the 'corrplot' package (Wei & Simko, 2016) . This revealed that especially 240 latitude strongly correlated with many other climatic variables, such as temperature and 241 precipitation (see Fig. S1 in Supporting Information). Thus, we retained only latitude as 242 explanatory variable in the exploratory models (for all statistical analysis, see GitHub 243 repository).
244
We used the Hill's series of diversity, as implemented in the 'vegan' package (Oksanen 245 et al., 2016) , as response variables to evaluate oligotype diversity patterns. The Hill's series of 246 diversity consists of three indices, differently scaling rare and abundant taxa (Hill, 1973 We investigated the abundance patterns of oligotypes using the 'mvabund' package 264 (Wang, Naumann, Wright, Eddelbuettel, & Warton, 2016). The same variables as mentioned for 265 the diversity patterns were tested for significance in influencing the abundance patterns. The 266 abundance models can be written as follows: abundance ~ reads/site/replicates/region/latitude. 267 We used manyglm generalized linear models with negative binomial distribution to evaluate 268 compositional differences in oligotype assemblages. This fits a model on each oligotype and 269 summarizes model results with consideration to potential correlations among oligotypes (Wang 270 et al., 2016) . We tested the models using ANOVA with likelihood-ratio test and 1000 bootstrap 271 iterations. We used non-metric multidimensional scaling to visualise the oligotype compositional 272 differences among the trees as implemented in the 'vegan' package (Oksanen et al., 2016) .
273
For visualization of the genetic distances of the oligotypes, we constructed a median-274 joining network using the most abundant sequence of each oligotype. We first calculated 275 pairwise differences as distances based on the Kimura model with the 'ape' package (Paradis, 276 Claude, & Strimmer, 2004). The median-joining network was generated based on the calculated 277 differences using the 'pegas' package (Paradis, 2010) . 
280
Of 9,074,044 raw reads, we retained 5,524,137 reads after sequence processing (see 281 Table S2 in Supporting Information). Of these reads, 116,603 were assigned to S. populicola at 282 97% global sequence similarity (see Table S2 in Supporting Information). After filtering of rare The variation in the diversity measures of the Hill's series was explained by sequencing 291 depth and sampling location. Any variables that were further included in the model did not 292 increase the variation explained and the influence of the variables were not statistically 293 significant (Table 1) . None of the explanatory variables explained community composition and 294 the abundances of any of the oligotypes statistically significantly (Table 2) . Sequencing depth 295 did not explain variation in abundance, but sampling location showed a marginally significant 296 influence on abundance in the community model (Table 2) .
297
The oligotype diversity (Fig. 2 , Table 1 ) and assemblage composition (Table 2, (Fig. 1a) .
301
When including latitude to the mixed effects GLM including sampling location as a 302 random effect and sequencing depth as a fixed effect, the variation explained did not increase 303 and the influence of latitude was not statistically significant (Table 1) . When investigating 304 abundance patterns of oligotypes, adding latitude did not increase the explanatory power of the 305 model (Table 2 ).
306
We observed high variation of oligotype composition within sampling locations as well 307 as among sampling locations ( (Fig. 1) . Although there were differences in oligotype 319 abundance among some locations (Table 2) , these are likely not the results of dispersal limitation 320 (due to distance or biogeographic barriers), since every haplotype is present in both south-central 321 Canada and about 3,000 km north-west in Alaska.
322
One explanation for the striking lack of biogeographic patterns is an advanced capability 323 for dispersal. This is not rare for microorganisms -these were once considered to possess (Fig. 1) , nor the statistical test 337 (Table 2) show support for this barrier. As another explanation, we cannot exclude the possibility 338 that the observed lack of differentiation in the used marker is due to human activities. The (Table 1 , 2): we see no broad-scale patterns of oligotype diversity nor 360 oligotype composition along major climatic gradients (which are correlates of latitude). This may 361 mean that beside being able to disperse over vast geographic distances, S. populicola oligotypes 363 (although we cannot exclude the existence of further, not investigated abiotic filters, or co-364 adaptation to a locally adapted host, which may be responsible for the significant differences in 365 oligotype abundances among some localities, Fig. 1, Table 2 ). This may indicate that pathogen 366 species may share common distribution patterns with their hosts (supported also by a study on 367 Armillaria species on conifers in Japan (Hasegawa, Ota, Hattori, Sahashi, & Kikuchi, 2011)). Finally, we found that the infection of S. populicola oligotypes was highly variable 383 among symptom-free balsam poplar leaves at each location: we did not record any oligotypes 384 from many leaves at any given location, but several leaves contained more than one oligotype at 385 the same location (see Fig. S4 in Supporting Information). One explanation is that leaf-specific 386 microhabitat conditions define the local infection patterns of oligotypes. Endophyte infections 387 are known to depend on microhabitat conditions influenced by location of leaves (Scholtysik, 388 Unterseher, Otto, & Wirth, 2013), but we consider this explanation unlikely since all leaves were 389 picked from lower branches, about 1.5 -2 m from the ground. A more likely explanation in our 390 opinion is the effects of biotic interactions as the last filters of community assembly, and 391 particularly the possible genetically defined capability of hosts to inhibit or favour colonization 392 by certain oligotypes. Indeed, earlier works found that tree hosts may influence the composition 399 is completely random. The test of these hypotheses will require genotype information from all 400 tree hosts, in addition to the collection of multiple leaves from each tree, none of which was 401 available for the current study. Further, such test will also need to investigate leaves 402 symptomatically infected with S. populicola, while here we investigated only asymptomatic 403 leaves. 
